This paper contributes to the ongoing debate on the impact of academic patenting. On the basis of CV information and two separate surveys, we provide the first empirical evidence for a sample of UK academics in physics, chemistry, computer science and a subset of engineering. The main contribution of this paper is twofold. First, our econometric results suggest that academic patenting is complementary to publishing at least up to a certain level of patenting output after which we found some evidence of a substitution effect. Second, our analysis of the potential impact of patenting on the other channels of knowledge transfers seems to indicate that patenting does not have a negative impact on the other channels of knowledge exchange. We have found some positive correlation between the stock of patents and other channels of knowledge transfer, however, also in this case, we have found that a substitution effect sets in indicating a inverted U shape type of relationships between patenting and other knowledge transfer channels.
Introduction
The last few years have seen the development of a very large body of literature evaluating the relationships between the increased patenting output of university researchers and their publication output. 1 The evidence put forward mostly in the US (Thursby et al. (2001) ; Agrawal and Henderson, 2002) but also in the EU (Breschi et al. 2005; Geuna and Nesta, 2006) indicate that at least for the top academics there is not evidence of substitution effect between the two activities. Top researchers succeed to publish a lot and patent a lot; a high patent output does not seem to affect negatively the publication output of the most prolific researchers.
The main issues investigated in this paper are the following. First, we attempt to redress the lack of systematic evidence put forward for the UK with respect to the relationship between publishing and patenting. In order to do this, we have gathered the full career information (from their CV and two separate surveys) for 157 academic researchers in the field of physics and chemistry. All these academic researchers were included in the UK Research Assessment Exercise 2001 and had been involved at least once in a project funded by the Engineering and Physical Sciences Research Council (EPSRC), so they can be considered both teaching and research active staff. Given the major importance of university-invented patents in Europe 2 (Crespi et al, 2006) , we paid particular attention to identify such patents and include them in the total count of patenting output of the 157 researchers 3 . About 20% of the researchers had some form of patenting experience. Second, we estimate a panel data model to evaluate the effect of past patenting involvement on the publication output of the researcher. In particular we investigate the extent to which the relationship between these two variables is affected by non-linearities and other variables related to researcher's ability and scientific field.
Finally, the literature has only been concerned with the impact that patenting can have on publishing; except for the work of Valentin and Jensen (2007) very little attention has been given to the potential effect that an increased patenting activity can have on the other knowledge transfer channels between university and industry. Circumstantial evidence from top R&D managers in Denmark, France and the US indicates the existence of frictions between business and more active patenting academics (or TTOs managers enforcing university rights) due to the increasing attempt to appropriate the return of the invention by the university. This friction may have resulted in lower (less successful) interactions between companies and academic researchers (see stagnation of business finance of HERD, OECD sources). We examine how university-industry interactions with industry performed by our sample of researchers can be affected by their historical involvement in patenting. Are those researchers with an important involvement in patenting during their career also successful in other forms of interaction with industry, or is the focus on patenting affecting negatively the other channels of communication between academics and business?
The main contribution of this paper is twofold. First, although much is know about the complementary effect between patenting and publishing for top scientists, not much is known for the rest of the population (those researchers that are research active but they are not in the top 5/10% in terms of productivity) and even less is known about the process of human capital accumulation in the research profession. Our results suggest that academic patenting may be complementary to publishing at least up to a certain level of patenting output after which we found some evidence of a substitution effect. We also found some weak evidence of scientific field effect, with the most basic sciences (physics and chemistry) showing some evidence of crowding out effect while transfer sciences or Pasteur quadrant science (computer sciences and engineering) show evidence of crowding in effects. Second, our analysis of the potential impact of patenting on other knowledge transfer channels seems to indicate that patenting does not have a negative impact. On the contrary we have found some positive correlation between the stock of patents and other channels of knowledge transfer up to a maximum number of patents after which a substitution effect sets in.
Academic Patenting: Claims and Evidences
The increasing awareness given to technology transfer activities by the university community, has been paired with the legislative and organizational changes necessary to generate an enabling environment for an effective commercialization of academic discoveries through patents. Significant legislative changes have taken place in many industrial countries. In the US, for instance, such policy initiatives include the 1980 Bayh-dole act and the 1986 Federal Technology Transfer Act, to facilitate patenting of publicly funded research. UK has also experienced an important number of policy initiatives in this domain. After 1985 UK universities and public funded research institutions were allowed to take advantage of their own patents. Similarly, policy reforms to foster technology transfer activity were developed in other EU countries, for example Germany and Denmark have transferred the right to the property of an invention by a university employee from the scientist to the university.. In fact by the early 2000s, in most European countries, an invention produced at the university within the normal course of employment belongs to the university, unless otherwise stated in a research contract.
In response to these policy initiatives and organizational changes, universities have become much more active in their effort to commercialize scientific discoveries. Technology transfer activities undertaken by universities have been thriving in the UK, as reflected by the increasing number of technology transfer offices set up by universities over the 1990s -from 23 before 1990 to 116 by 2002 (NUBS et al., 2003 . Not surprisingly, patenting activities have also been increasing: for example within the past five years invention disclosure increased from 2,159 in 2000 to 3,029 in 2004 3,029 in (HEFCE, 2006 . However, it is still a matter of open debate whether the rapid increase in academic patenting in the closing quarter of the 20 th century has been driven by the growing technological opportunities in the bio-medical sciences (and probably in ICT) and the feasibility of pursuing those opportunities in university laboratories, than by policy reforms directed to stimulate technology transfer activities (Mowery et al 2001a, Geuna and Nesta, 2006) .
Consequences of academic patenting
Essential to the well documented increase in university patenting is the rapid increase in the number of individual academic scientists who are listed as inventors on patents. This increasing enrolment of academic researchers into patenting activities has generated lot of concerns amongst scholars about its implication on the development of future scientific knowledge. The argument is derived from the fundamentally different reward and incentive systems of academic and private sector research, in terms of (1) the relationship between disclosure versus secrecy and (2) the complementarities and crowding out effects between public and private research expenditures (Dasgupta and David, 1987, 1994) .
According to this view, practice and norms in private and public realms are different and therefore conflict may arise due to the difference in reward and incentive system between the two sectors. The rationale is that certain kinds of activities must occur in a setting which is apart from the economic sphere of efficiency and profit making (National Academy of Sciences, 1999) . Once the border is crossed, it becomes particularly difficult to manage the profit seeking approach that characterizes commercial activities (Dasgupta and David, 1994; Stern, 1995; Nelson, 2004) . These critics echoes the fear of earlier scholars on the implication of commercial involvement for academic researchers on the Mertonian norms and values guiding academic science (see, for instance, Merton, 1968; Mitroff, 1974; Mulkay, 1976) A core issue relating to academic patenting, is the possibility of corporate influence on the contents of academic research (e.g., Kenney, 1986; Krimsky, 2003; Ziman, 2000) Critics feared that the involvement of academic researcher in patenting activity might interfere with their financial interest and the normal pursuit of science and seek to involve in research that would be patentable and relevant to the industry rather than pursue their research with objectivity (Noble, 1977) . This ultimately, violates the disinterestedness norm of science which allow scientist to conduct research for the sole purpose of producing knowledge (Merton, 1968) . The changes in research agenda are most often related to an alleged shift towards the more applied research end, which is referred to as the skewing problem (Florida and Cohen, 1999) .
Besides the skewing problem, another concern connected to academic patenting is the issue of publication of research results and the opportunity for open discussions among colleagues. This is the case for the culture of openness among academic researchers who freely disseminate information amongst themselves through the publications and thus promote continuous investigation for future advances. Companies, on the other hand, have a responsibility for and a need to protect the value of their investments. These differences in the incentive systems of public and private research create challenges with regard to the dissemination of information, and the access to research result (Hane, 1999) . This again, is in opposition to the Mertonian's norm of openness of the academic community, which allows scientist to make public their discoveries. For example, some forms of publication might be delayed or suppressed because firms may ask universities to keep information (temporarily) confidential, which may reduce the incentive to publish and foster that to patents.
Finally, many scholars have highlighted the multiple mechanisms for knowledge exchange between university and industry. Patenting (and licensing) is just one channel among many, including: joint research collaborations, contract research, consultancy work, or joint supervision of PhDs, among others. (Bonaccorsi and Piccaluga, 1994; Faulkner and Senker, 1994; Cohen et al., 2002; Bercovitz and Feldman, 2006; D'Este and Patel, 2007) .
However, little is known about whether such interaction channels are all complementary or conflict with each other. As Agrawal and Henderson (2002) show with respect to firms collaborating with academic researchers, the firms that most frequently collaborate with academics on patented research are different from those that most frequently collaborate on published research. Likewise, it would be important to disentangle, from the perspective of academic researchers, whether those who patent are also likely to embrace other forms of interactions with industry. This is particularly important in the light of the great emphasis that policy makers place on patenting as a crucial indicator to measure knowledge transfer at universities. If patents do not provide a representative picture of how academics work with industry, then policies encouraging universities to patent and license might be misaligned with the multiplex nature of interactions between university and industry, and thus, with a policy truly oriented to encourage knowledge transfer more widely.
Emerging evidence on academic patenting
In recent years, most studies have focused on the understanding of the relationship between academic patenting and publishing. In the US, assessment of academic scientists have found that patenting skews scientists' research agendas toward commercial priorities, causes delay in the publication of research findings, and crowds out effort dedicated to producing public research (Blumenthal et al., 1996; Campbell et al. 2002; Krimsky, 2003) . This work suggests tradeoffs between patenting and research publication.
On the other hand, the few studies that have systematically assessed the relationship between patenting and publishing have provided strong evidence that star scientists can also be researchers actively engaged in patenting. For example, Agrawal and Henderson (2002) studied the patenting activities in a 15-year panel of 236 scientists in two MIT departments, confining their sample to faculty members who have either patented or published or done both during the period 1983-1997, they found that increased patenting activity is correlated with increased rates of citation to the faculty member's. Also, the result of Azoulay, Ding and Stuart (2004) , on the impact of patenting on the publication activity of university researchers working in areas related to biotechnology shows that patenting has a positive effect on the rates of publication. Similarly, Thursby and Thursby (2003b) provide information relating to the invention disclosure behaviour of faculty members at six research universities during the period 1983-1999; they found disclosure to be positively related to publications and a measure of department quality. Markiewicz and DiMinin (2004) reported a statistically significant positive effect of researchers' patent stocks on their publication counts, from a sample of 166 academic inventors that were matched to an equivalent number of non-patenting scientists. Finally, the survey of Stephan et al. (2004) of a sample of doctorate recipients on the cross-sectional relationship between patenting and publishing found that patenting and publishing are complementary activities.
The literature on European academic patenting has developed immensely in the last few years (Balconi et al, 2004; Azagra Caro et al (2003) ; Meyer, 2003 for a survey see Geuna and Nesta (2006) ). An increasing number of papers have focused on cross-section and time series data from European universities while the previous literature was almost exclusively based on US observations. The recent European literature provides some insights into: (1) what are the characteristics of academic inventors and what is the relationship between patenting and publishing (Breschi at al. 2005; Carayol, 2005; Guldbrandsen and Smeby, 2005; Meyer, Van Looy et al. 2005) ; and (2) what is the impact of university research patenting on the research practices of academic and industry scientists (Valentin and Jensen 2007) .
The former group of studies clearly shows that those academic researchers that were involved in patenting were also very active in publishing. Some of the papers present strong evidence of a complementarity effect between the two research outputs, while others find a lack of evidence of any substitution effect. Overall, the evidence indicates that high quality university scientists are also active in patenting; patenting may be preceded by higher than normal scientific productivity or may be followed by a flurry of publications (such as in the Italian case). Life-cycle effects are present. One paper by Franzoni, Vezzulli and Calderini (2007) provide somewhat contrary evidence; while they find complementary effect for scientist in material engineering, the also find a strong negative (substitution effect) for material chemists when they consider only publication in basic science.
With respect to the second group, the paper by Valentin and Jensen (2007) is a stark wake up call for those policy makers who thought that the introduction of Bayh-Dole type regulation in the European context would provide the solution to the supposed lack of contribution of universities to economic development. The paper provides preliminary evidence that since the law changed in January 2000, allowing the university right of ownership of a patent associated with an invention by a university researcher, there has been a steep decrease in the number of Danish academic inventors involved in patents by dedicated biotechnology firms (DBFs). The authors argue that this decreased contribution is due to the fact that the new regulation, which requires some form of rational contracting to manage the property right, has created a disincentive for collaboration in early stage research where identification of shares or rights is more difficult.
The studies reviewed above showed that while the integration of patenting is well documented across universities, less is understood about the implications within universities as well as for individual scientists. Also, very little reliable historical data on patenting by universities researchers are available for European countries. Past research has used aggregate data based on university or faculty level research; only few recent researches have used individual researchers as the unit of analysis collecting some form of historical data. Additionally, the analysis we present in this paper is, to our knowledge, the first one to examine the relationship between patenting and publishing with respect to the experience of the UK.
Academic patenting of a sample of UK scientists
This paper aims to contribute to the understanding of the impact of academic patenting using historical data on UK scientists collected on the basis of their CVs and two separate surveys. We want to test two specific hypoteses discussed in the literature presented in the previous section. First, we want to assess if the involvement in academic patenting results in a lower/higher scientific output for our sample of researchers during their academic career; in other words, is academic patenting a complementary activity to scientific publishing? Are there are non linearity in the relationship? Second, the involvement in academic patenting may result in less/more successful knowledge exchange via the other channels of exchange; is academic patenting reinforcing the other form of knowledge transfer that involve a direct link with the business community?
To answer these questions we need information about research outcomes and patenting activity for a representative sample of academic inventors. With this aim we built a comprehensive database, which includes detailed information of the patenting and publishing activities of a sample of UK academic researchers since the receipt of their PhD. The researchers in this sample are a subset of the EPSRC (Engineering and Physical Sciences Research Council) funded project coordinator (principal investigator) conducted by D'Este and Patel (2005), which was aimed at assessing the factors that determines the variety of university researchers' interactions with industry. The data includes all principal investigators that had been recipients of EPSRC grants from 1995 to 2003 in 10 scientific disciplines.
Analysis in this research is limited to university researchers from Physics, Computer Science, Mechanical, Aeronautical & Manufacturing Engineering and Chemistry departments. A sample of researchers was extracted from the EPSRC funded project together with their name, age, email addresses, year in which they obtained their PhD degree, and their university affiliation. This included 807 researchers, from a total of 56 distinct universities.
The distribution of the researchers across the four disciplines is shown in Table 1 . Problems of similar names and initials, as well as changes in the researcher's institution affiliation, makes it difficult to obtain reliable information from the ISI Web of Science database and the European Patent Office (EPO) or US patent office (USPTO). Thus, in order to obtain reliable information of the publication and patenting records of the researchers, we decided to collect the researchers' CV and verify/complement this with online information. From a total of 807 researchers, 649 researchers had a valid e-mail address.
We obtained a total of 167 positive responses, which represent a response rate of about 26%. The nature of the reply from the researchers ranged from sending their web address (where the information can be extracted from), to direct attachment of CVs, to written explanations of both their patenting activity and publication patterns. In order to boost our sample size to include star scientists, we collected information about UK fellows of the American Physical Society (APS). We found 19 UK physicists who are members of this organization. An attempt to trace the e-mail address for these researchers was made and this resulted into the identification of 17 researchers with e-mail address. Of the 17 mails sent, we received one auto-replay office that a researcher is retired (that means that we have no possibility to contact him) and 4 researchers responded by the deadline. The total distribution of the response rate between the four disciplines is shown in Table 2 . A common problem with the CVs is that they are mostly not updated with their current publications and the references sometimes did not clearly indicate the type of publication or the journal in which it was published. In order to update the CVs and to cross check publications in referred journals, a comparison with data from the ISI web of knowledge was carried out. Also the year of filing, type of patents (university owned or university-invented -with the researcher listed as an inventor but the patent is not owned by the university Geuna and Nesta (2006)) and status (applied, granted, withdrawn, rejected 4 ) was extracted from the UK patent office, EPO and USPTO data bases, since most of the information provided for patents was basically the patent application number.
In order to minimize the probability of including wrong information while extracting records from the ISI Web of Science database, a systematic cleaning up algorithm was implemented (see Methodological Appendix)
The final dataset is a panel that follows all academic researchers (inventors or not) from 1975 to 2005. After applying some standard data cleaning routines to control for incomplete and/or inconsistent observations, we are left with 3649 inventor-year observations in the dataset. This corresponds to a total sample of 157 academic researchers of which 36 are also inventors (they filed at least one patent between 1975 and 2004) and 121 are academic researchers without patenting activity. The basic descriptive statistics are summarized in Table 3 . The average number of publications per year is 2.9; 23% of individuals have applied for a patent at least once. Our representative inventor is only 45 years old and had obtained her Phd degree in the middle of the 1986. 4% of researchers in the sample are members of any Royal Society but 38% of them have achieved tenure (professorship). Finally, 75% of researchers in our sample provide from Chemistry and Physics scientific fields. When we look at the dynamic aspects the most striking result is the increase in patenting (Figure 1 ): while in the early 1980s less then 0.5% of out sample was an inventor in a patent in a year, by the early 2000s 2% of the scientists were linked to a patent in a year; or while in the early 1980s less then 3% of the researchers showed up in a patent as inventor, by the early 2000s this figure had grown up to 20%. 
The impact of academic patenting on publishing
To assess the impact of an increased academic patenting on the publication output of UK scientists we follow the methodology developed by Breschi, Lissoni and Montobbio (2005) (thereafter BLM). Using our whole sample of academics we estimated the following model:
where Y it is a measure of research output, X it is a set of time varying explanatory variables, μ i is an individual fixed effect and λ t a set of time effects. P it is a dummy variable that takes value 1 in the years after the first patent (including the year of patenting) and 0 elsewhere. The inclusion of an individual fixed effect would control for those unobserved researcher characteristics that are constant over time and that could be correlated with both patenting activity and research outputs (e.g ability, research productivity, etc).
One particular concern is that some correlation between patenting activity and the error term might remain even after controlling for an individual fixed effect. This could happen if some shocks on publication activity (ε it ) could induce researchers to start patenting. In order to purge for this additional source of correlation we also try estimating the model by using instrument variables.
Finally, one remaining issue is about the heterogeneity impact of patenting activity. The model above implicitly assumes that the impact of an increase in patenting is homogenous across inventors with different characteristics including patenting experience and scientific field. In order to explore if this assumption is attainable we also model the impact of patenting as a function of inventors' patenting experience and some other characteristics (Z it ). In other words, we estimate: Table 4 summarises the results for the main regression. Columns (1) to (4) show the results when the model is estimated using a negative binomial regression approach without controlling for unobserved heterogeneity. Column (1) controls only for academic's age and its square and we also control for time and field dummies (not included in the regressions). The results suggest that publications follow a non-linear inverted U shape relationship with age. Publications peak is reached when the researcher is 42 years old. Also we found that although the coefficient for patenting is positive it is not statistically significant. Column (2) shows the results when controlling researcher's unobserved ability by using three observed variables: professorship, average citations and membership to any Royal Society. These dummy variables are all positive, although only the first two are significant. We also controlled by gender, which was not significantly different from zero and by year of PhD graduation, which was significant and negative, suggesting that researchers of more recent cohorts publish less due perhaps to less academic experience. Finally, the quality of researcher's department (as measured by the Research Assessment Exercise score) was positive, while the size of the department was negatively correlated with publications. Indicating that being part of a high quality department increases publication output of the researchers, but, once you have controlled for the quality of the department, its size has a negative impact (indicating a clear lack of economies of scale in knowledge production). After the inclusion of the set of additional control variables, the coefficient of the patenting dummy dropped quite dramatically, however it remained positive but insignificant. Time dummies and field dummies included, * significant at 10%, ** significant at 5%; *** significant at 1%. All the pooled regressions include robust standard errors clustered on individuals in order to allow residuals to be correlated within each individual block.
(1) Pooled regression, (2) Pooled regression, (3) Random Effects, (4) Fixed Effects, (5) Fixed Effects instrumental variables. Field and time fixed effects also included.
Column (3) aims at controlling by remaining unobserved heterogeneity by estimating using a random effects binomial model. The coefficient for the patenting activity became negative but insignificant. Results in column (4) control for individual unobserved heterogeneity by using the standard conditional negative binomial model of Hausman, Hall and Griliches (1984) [HHG] . Note that the standard HHG fixed effect estimator does not fully control for all stable unobserved covariates. That's because the model is based on a regression decomposition of the overdispersion parameter rather than the usual regression decomposition of the mean, because of this all the time constant variable are not wiped out from the model. Column (4) shows that the result for the patenting dummy drops a lot (which suggests a lack of complementarity between publishing and patenting) but the coefficient is far from being significant. Column (5) controls for any potential endogeneity of the patenting dummy by estimating instrumental variables, we instrument the patenting dummy by using as an instrument the proportion of academic inventors in the same scientific field (Wooldridge, 2002) . Following BLM the rationale for this instrument is that researchers that work in an environment where a lot of other researchers are patenting can benefit from this experience becoming easier for them to start patenting. If this rationale is correct, this variable should be correlated with patenting activity but not with publication outputs, making it a valid instrument. Indeed the first stage results suggest that the instrument is strongly correlated with the patenting dummy and the instrument is not significant when included in the main regression. The results indicate that the coefficient for the patenting dummy remains negative, nonsignificant and not statistically different from the previous results suggesting that endogeneity is not an issue in our data. Overall, the results from columns (1) to (5) suggest that patenting activity is not correlated with publications. In order to test the robustness of our results we change the regression technique and estimate using the standard least squares approach Table 5 . Column (1) presents the results when using OLS and controlling only for age, time dummies and field dummies. The result for the patenting is positive and not very far from the figure in the same column of the previous table. In Column (2) we control for researcher characteristics and the coefficient for the patenting dummy drops a lot but it remains non-significant. Column (3) estimates the linear model by random effects, which produces a similar coefficient as in column (2) but the result in now significantly different from zero. Column (4) controls for individual unobserved heterogeneity by including a set of individual fixed effects, we think that this specification is more consistent with the theoretical model because assumes heterogeneity in the mean of the dependent variable. Anyway, column (4) shows that the results for the patenting dummy are not very different from the previous two columns, which suggests that individual observed variables approximate quite well any other omitted characteristic. Finally, Column (5) shows the results of estimating using instrumental variables. The coefficient for the patenting dummy drops quite a lot and it remains insignificant. As for the previous set of regression models, and contrary to most of the results of available literature, we do not find any crowning in effect; it seems that overall academic patenting does not have either a positive or a negative impact on scientific publishing. 
Augmented Results
Previous results suggest that patenting does not particularly harm or help inventor's scientific productivity. However, this finding rests on the particular assumption that the impact of patenting activity can be well approximated by a simple step function. It does not matter how much any inventor is patenting, casual and persistent inventors are treated in the same well. In order to explore whether the effects of patenting depend on the intensity with which patenting activity is carried-out we investigate the shape of the relationship between log publications and the researcher's past stock of patents. Figure 2 plots the shape of the relationship between publications and (past) stock of patents using local linear regression methods. The figure suggests a quadratic inverted U relationship between these two variables. This is consistent with previous results Fabrizio and Di Minin (2005) for US scientists. Publication performance first grows until a patent stock of 10 patents is reached. Afterwards this inflexion point, more patenting leads to less publication. Time dummies and field dummies included, * significant at 10%, ** significant at 5%; *** significant at 1%. All columns show negative binomial fixed effects results. All the other control variables are included. Field and time fixed effects also included. Table 6 explores with more detail if the effects of patenting activity also depends on the intensity on which this activity is carried-out. All the pooled negative binomial regressions in Table 6 include a fixed effect controlling for all unobserved heterogeneity affecting the levels of publication. All the other control variables are included as well as time fixed effects. In column (1) we add as control variable a dummy variable that takes 1 in the year where patenting activity is observed and zero in the rest. By this way we try to capture any other special shock that might occur contemporaneously with the filing of a new patent application but that is transitory. The results suggest that both the patenting regime dummy and the year patenting dummy are not significantly different from zero. Column (2) and (3) replace the patenting dummy activity by patenting experience, measures as the number of years after the first patent. In both cases the results are not significantly different from zero.
Columns (4) and (5) replace patenting dummy by the accumulated stock of patents and its square, respectively. The results when including the stock of patents linearly are not significantly different from zero. However, as it is shown in column (5), when including a quadratic term for the stock of patents, a strong and significant inverted U pattern emerge. This suggests that an increase of patenting activity intensity first increases the number of publications until a saturation point is reached, after this more patenting actually reduces publication. The inflexion point is reached for about 10 patents.
One remaining concern is about the possibility that unobserved heterogeneity also affects the impacts of patenting. In other words, if more able inventors (the ones whose average paper receive more citations) also patent more, the variable patent stock included in columns (4) and (5) could be capturing the effects of omitted ability or quality rather than the pure incentive effects of patenting. In order to explore this we interact the patenting dummy with the average number of citations per paper. The results are in column (6) where the citations variables are not statistically significant and the results for patent stocks hold. Finally, column (7) interacts patenting dummy with scientific field. We also find an interesting result here: patenting has heterogeneous effects by scientific field. Patenting tends to crowd-out publishing in chemistry and physics (however the value is not significantly different from zero) but it encourages publishing in engineering and computer sciences. These results by field, however, should be taken with caution due to small number of observations in some the fields.
The impact of academic patenting on other channels of knowledge transfer
In this section we provide a first assessment of the possible impact of academic patenting on other channels of knowledge transfer. As in the case of publishing, one could expect that the engagement in patenting might crowd-out/displace the use of other channels of knowledge transfer to industry. This negative effect may take place as a consequence of potential conflicts of interest on intellectual property rights. The reliance on market-based mechanisms to transfer knowledge may cause a lack of trust in university scientists among industrialist, and affect negatively the other forms of linkages with business partners. Anecdotal evidence from the US and France about the conflict of interests with the business community as a consequence of the very aggressive TTOs approach on IPRs, as well as preliminary evidence of from Denmark (Valentin and Jensen, 2007) , support this view.
On the other hand, patenting might be complementary to other forms of knowledge transfer with industry. For instance, university scientists who are involved in patenting might also be particularly inclined to collaborate with business, since patenting might contribute to create awareness for commercial exploitation of their research, as well as a better understanding of the marketplace (Siegel et al., 2003) .
In order to examine the relationship between patenting and other channels of interaction, we have estimated the extent to which the amount of patenting per researcher is positively or negatively associated with the frequency in which researchers engage with industry along a variety of interaction channels. The different channels of interaction include: a) joint research agreements with industry; b) contract research agreements; c) consultancy work; d) joint supervision of PhD students; e) meetings sponsored by industry; and f) setting up equity interests in companies (e.g. spin-offs).
The data on engagement with industry comes from a survey of academic researchers which asks respondents to report on the number of times they engaged over the period 2002-03 in a number of interaction channels. We surveyed 4337 UK academic researchers within the fields of physical sciences and engineering, and obtained 1528 responses, a 35% response rate (for details on the survey, see D'Este et al., 2005, and D'Este and Patel, 2007) . We re-codified the responses into two categories: 0, if the researcher did not engage in a particular interaction channel over the period [2002] [2003] ; 1, if the researcher engaged 1 or more times in a particular interaction channel. Accordingly, we have used Logistic regressions to examine the relationship between patenting and the probability of interaction through any of these channels.
With respect to our explanatory variable, we have computed the researcher's total accumulated patents for the period 1978 to 2001 (i.e. 'stock of patents'). This has been done by matching our list of 1528 survey respondents with the information of inventors contained in patents granted by the European Patent Office (EPO). Information on the patents has been collected from the CESPRI-EPO patent database. This databse collects information on all the patents applied for and granted by the European Patent Office (EPO) since its inception in 1978. In particular, we were interested in understanding whether the academics in our EPSRC list were inventors (i.e. they were granted at least one patent since 1978) and, in case they were, how many patents thay had been granted by year between 1978 and 2001. The match between the EPSRC grant recipients and the CESPRI-EPO database was made on the basis of their surname and initials.
To eliminate duplications caused by inventors with the same surname and initials we matched the first two digits of the academic post code as it appears in the EPSRC database with the first two digits of the post code of the inventor as it appears in the CESPRI-EPO database. It has to be noted that this way of deleting duplicates has many shortocomings. For instance, academics may change job over time. Also, academics may commute to work (i.e. they may live and work in places with differrent post codes). This is more likely to occur for universities that are located near the town borders or for big towns with many different post codes (such as London for instance). Doing the cleaning on the basis of this criterion is thus likely to underestimate the number of inventors in our sample of EPSRC survey respondents.
As a robustness check for our matching procedure with the EPO database, we compared the results from our matching with information on patenting records provided directly by 167 university scientist within our sample to whom we recontacted to get information on their patenting records. Our matching with EPO data allows us to correctly estimate 81% of our 167 sample, in terms of whether these scientists are inventors or not (that is, 133 out of 167 cases).
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In short, as a result of the matching process desrcibed above, we have identified 319 inventors from our initial list of 1,528 EPSRC grant recipients who responded to our survey (i.e. 21%) -by inventors, meaning researchers who appeared at least once as an inventor in a EPO granted patent over the period 1978-2001. 7 In order to examine the impact of the past records of patenting on current engagement in other technology transfer activities, we also consider a squared term of the 'stock of patents'. This allows us to investigate whether there are non-linearities in the relationship between the stock of patents and the probability of engagement in a number of interaction channels with business.
Finally, we have considered a set of control variables, both at the individual and the university department level. With regards to the former, we consider: the age of the researcher and the academic status (whether the individual is a professor or not at the time in which the survey was conducted). With regards to the latter, we have included a set of dummies to capture whether the department was highly (i.e. 5* scores) or weakly (4 or lower scores) ranked in the Research Assessment Exercise in 2001, the size of the department (measured as the average of full time equivalent staff for the period 1998-2001), and discipline dummy to capture the impact of a researcher being affiliated to any of 9 scientific fields (where Physics is our reference category). Table 7 provides the results of the regressions. The table shows that the stock of patents has a positive and significant impact on almost all channels of interaction, with the only exception of 'Industry sponsored meetings'. 8 However, the results in Table 7 show that there is a threshold number of patents beyond which patenting becomes detrimental to the probability of interaction in 'joint research', 'contract research' and 'consultancy' with business.
Results
Setting up equity interests in companies is the only technology transfer activity for which patents has a positive and significant impact, with no evidence of non-linear effects. Other things equal, an increase in patenting in one unit increases the odds of setting up equity interests in companies by 39%. Table 7 also shows that age and professorial status have opposite effects on the probability of interaction. In general, older researches are less likely to interact across almost all forms of technology transfer channels. For instance, a 10 years increase in the age of a researcher reduces the odds of interaction in 'joint collaborations' with affiliation: this was particularly important since one could expect that individuals affiliated to Londonbased universities were more likely to be under-sampled, since, by using postcodes as our matching criteria with EPO, we may have been under-sampling inventors among this group of scientists. The proportion of mismatches between scientists affiliated to London-based vs. non London based universities, was not significantly different. Results of these tests, however, should be interpreted with care due to the small size of the sample. 7 For 24 individuals the match was not possible, because of lack of information on the surname and initials. 8 However, if we do not consider the quadratic effect, then the impact of 'stock of patenting' is also positive and significant in this case. industry by 16%.
9 While being a 'professor' increases the probability of interaction in all channels. For instance, a professor is 2.5 times more likely to engage in 'consultancy' than a researcher with a lower academic status.
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With regards to the departmental characteristics, the results on Table 7 show that being affiliated to top-ranked or larger departments has no significant impact on the probability to engage in any of the technology transfer channels examined. However, researchers in low-ranked departments are more likely to engage in 'contract research' and 'consultancy' work.
Finally, Table 7 shows that there are significant differences across disciplinary fields in terms of the probability of engaging in a particular type of knowledge transfer. Researchers in Engineering-related fields are generally more likely to engage in every type of interaction (as compared to researchers in Physics), while researchers in Mathematics are generally less likely to be involved in knowledge transfer activities with business. It is interesting to note that Computer Scientists do not generally differ from their peers in Physics with respect to their interaction with business, with the main exception of engagement in 'spin-off' activities: researches in Computer Sciences are 2.4 times more likely to become academic entrepreneurs compared to researchers in Physics. 
Conclusions
In recent years, a large number of studies (using data from the US and other European countries) have tried to assess the impact of increased academic patenting on other knowledge transfer channels focusing especially on publishing. Very little systematic evidence has been gathered till now for UK scientist. This paper provides the first analysis of a sample of UK scientists in the fields of Physics, Chemistry, Computer Sciences and Engineering, based on the information of their CVs (after they have obtained a PhD) and two separate survey of their activity in knowledge transfer.
The paper aims to test if a crowding in effect between patenting and publishing (found in other countries) is present in the case of UK. The result of our analysis is less supportive of this interpretation. Our results suggest that academic patenting may be complementary to publishing at least up to a certain level of patenting output after which we found some evidence of a substitution effect. We also found some weak evidence of scientific field effect, with the most basic sciences (physics and chemistry) showing some evidence of crowding out effect while transfer sciences or Pasteur quadrant science (computer sciences and engineering) show evidence of crowding in effects. The robustness of these results have been checked controlling for a large set of characteristics of the scientist and applying econometric techniques to control for heterogeneity and hendogeneity problems.
The paper also presents a study of the possible impact of increased academic patenting on the other channels of knowledge transfer that involve a direct contact with business. The preliminary results of our estimations indicate that patenting seems to be complementary to the other channels of knowledge exchange. We did not find any strong evidence of a substitution effect. However, there is some evidence that points to a decreasing impact (inverted U shape type of relationship), after a certain number of patents the complementarity effect disappears. Further work is needed to test the robustness of these results to the heterogeneity of scientist characteristics and their changes over time.
